Abstract Reference intervals (RI) are the most common decision support tool used for interpretation of numerical laboratory reports. The quality of the RI can play as large a role in result interpretation as the quality of the result itself. As such there is hardly any study examining RI for liver specific biochemical parameters in Indian population especially north Indians having drastically different food habits as compared to rest of the India. So there is a need to establish the RI for north Indian population. Present study was conducted on 2,021 apparently healthy individuals of north Indian origin ranging in age from 15-60 years, were selected randomly using defined criteria. Lipemic, hemolysed, icteric and stored samples were also excluded adopting preanalytical criteria for rejection of sample. Non parametric methodology for determination of RI was adopted as most of the biochemical parameters included revealed non Gaussian distribution. Data were analyzed for middle 95 percentile (2.5th-97.5th percentile), median and 95 % confidence interval using SPSS software package version 10.0. The upper and the lower limit of RI (reported Vs observed) for bilirubin (0-1.2 Vs 0.30-1.30 mg/dL), serum glutamate oxaloacetate transferase (SGOT) (0-41 Vs 13-52.80 IU/L), serum glutamate pyruvate transferase (SGPT) (0-50 Vs 10-68 IU/L) showed wide variation as compared to reported standard RI however Gamma glutamyl transferase (GGT) (0-50 Vs 5.00-50.60 IU/L) remained within the reported standard RI. Further gender wise evaluation revealed higher cutoff in males (AST 14-55, ALT 11-70.35, GGT 6.76-51.09 in IU/L, bilirubin (0.40-1.34 mg/dL) as compared to females in IU/L, Bilirubin 0.30-1.20 mg/dL) for both enzymatic and non enzymatic biochemical parameters. The variations may be attributed to dietary pattern smoking and alcoholism.
Introduction
Reference interval (RI) for biochemical and hematological parameters are used to aid physicians to interpret the results of clinical measurements. They may also be used for setting inclusion/exclusion criteria in clinical trials as well as the basis of safety monitoring for trial participants. In establishing reference values, it is essential that population is well defined and properly selected to be representative of that population, as the lower and upper limits of measurement are known to be more affected by the choice of sample population, standardization of sample collection, handling, analysis and statistical analysis [1, 2] .
Reference interval of Indian population are not readily available and the values in use are either borrowed from the textbooks and articles or insert literature from the Kit manufactures which are based on sample population other than Indians. Moreover the upper and lower limit of measurements varies dependent on source of information as well as the methodology followed. Besides, a RI do vary with various factors often not taken into consideration which include race/ethnicity [3, 4] , environmental factors, life style factors, metabolic and physiological changes with advancing age and also gender based formal changes.
As such there is hardly any study conducted to examine RI for biochemical parameters in Indian population specially north Indians which have drastically different food habits, life style, exposure to environmental conditions as compared to the population of Southern and Eastern India. So there is a need to establish the RI for a north Indian population.
This study has been conducted to establish RI of reference population which is taken from Jaipur (Rajasthan) and adjoining areas which represents north Indian sample population. The current study is thus conducted so that parameters evaluated in the healthy defined group of individuals would serve as the reference values for the reference population.
Materials and Methods
The present study was conducted in the Department of Biochemistry at S.M.S. Medical College and Associated Group Hospitals, Jaipur. 2,021 apparently healthy individuals of north Indian origin were randomly selected using defined criteria. The candidates were included after obtaining informed consent. Out of 2,021 individuals 494 were excluded using appropriate exclusion criteria defined by IFCC and NCCLS [5] . Finally 1,527 individuals were included in our study. Information regarding age, sex, disease if any, dietary habits, physical activity, smoking or alcoholic habit, anthropometric parameters were obtained in respect to each subject. All the individuals were called personally in the laboratory.
Exclusion criteria for selection of individuals to determine reference values: diseases if any: diabetes, CAD etc. Risk factors: obesity (BMI [ 30), hypertension, risks from occupation or environment, genetically determined risks. Intake of pharmacologically active agents: drug treatment for disease or suffering, oral contraceptives, drug abuse, alcohol, tobacco. Specific physiological states: pregnancy, stress, excessive exercise.
After overnight fasting, venous blood was drawn from anticubital vein using aseptic technique. Analysis of samples was done after proper standardization of the instruments with the help of calibrators and controls. Samples which were lipemic, hemolytic or icteric were not considered in the study. Fasting samples were analyzed for liver function parameters using IFCC approved method. Total bilirubin and direct bilirubin were analyzed by Diazo method [6] . Gamma glutamyl transferase (GGT), serum glutamate oxaloacetate transferase (SGOT) and serum glutamate pyruvate transferase (SGPT) methods are an adaptation of recommended procedure of IFCC [7] [8] [9] . Alkaline phosphatase (ALP) was estimated by PNPP kinetic method [10] , Total protein and albumin by Biuret [11, 12] and Bromocresol green method [13] . All tests were performed on fully autoanalyzer AU-400 by Olympus.
To ensure the reproducibility and repeatability of the test results, the laboratory participated in established external quality assessment programs by CMC, Vellore and BIO-RAD and a comprehensive internal quality control program and the results were accordingly released after calibrating the values between mean ± 1SD. The quality control check was done every day. In present study, non parametric methodology for determination of RI has been adopted as recommended by IFCC [2] and NCCLS [1] and most of the biochemical parameters included revealed non Gaussian distribution ( Fig. 1-8 ). Median, central 95 percentile and 90 % confidence interval (CI) were calculated. The 97.5 percentile and 2.5 percentile formed the upper and lower reference limits of the population. Statistical analysis was done using SPSS version 10.0 packages [14] . Table 1 depicts median, 95 percentile and 90 % CI of liver function test parameters in north Indian population according to various partitioning criteria.
Results and Discussion
There are limited numbers of studies on RI of tests often used for assessing liver functions. There are several factors which could affect RI, even modern life style changes and dietary habits may alter the RI of liver specific biochemical tests. However impact of these factors have never been related to liver specific parameters as a result of which normal reported RI remain unchanged for the past several years despite the population exposure to these factors. Further, this is reflected as wider range of RI for most of these biochemical parameters examined in this study. The upper and lower limit of RI (reported Vs observed) for bilirubin (0-1.2 Vs 0.30-1.30), SGOT (0-40 Vs 13-52.80), SGPT (0-50 Vs 10-68), ALP (110-310 Vs 107-361.80) showed wide variation as compared to reported standard RI while GGT (0-50 Vs 5.00-50.60) which is related to biliary disease and alcohol intake remained within the reported standard RI. For both enzymatic and non enzymatic biochemical parameters upper cutoff value was greater in males (SGOT 14-55, (Fig. 9 ), GGT 6.76-51.09, bilirubin 0.40-1.34) as compared to females (SGOT 13-50.43, SGPT 9-63.43, GGT . These findings are consistent to finding of other workers [15] [16] [17] . These differences can be correlated to dietary habit, smoking and alcoholism.
Serum SGOT, SGPT levels had wider RI in urban as compared to rural population. Modern life style perhaps be responsible for changes in liver specific enzyme. Both liver specific enzymatic and non enzymatic parameters have higher cutoff of RI in males as compared to females but the difference is more pronounced in urban males and females as compared to rural males and females. Urban male population showed higher cutoff of RI for bilirubin, SGOT, SGPT as compared to rural males and simultaneously higher cutoff values were observed for ALP and GGT (Fig. 10 ) in rural population as compared to urban population. Higher cutoff of RI in urban females for all liver specific enzymatic parameters except ALP was observed. No appreciable difference was observed in RI of bilirubin according to rural and urban females.
With respect to age a progressive narrowing of RI of bilirubin was observed, this may be attributed to decreased efficiency of liver functioning with advancing age. For liver specific enzymes, a mild to moderate increase in cutoff values of lower and upper limits of RI was noticed with progression of age (Fig. 13 ) except for ALP (Fig. 12) which showed reverse trend. These findings are consistent to findings observed by other workers [15] [16] [17] . The increase in RI of SGPT was more pronounced in age group 20-40 years as compared to age groups 41-60 years (Fig. 11) . This may be because of irregularity in daily activities and life style in younger age group. Reference interval for SGOT, SGPT, ALP and GGT of males was higher in all age groups. However, in females GGT level was surprisingly high in\20 years of age group.
When pre and post menopausal women were compared it was observed that except bilirubin rest of the liver parameters were in higher range in post menopausal women which may be due to hormonal changes after menopause.
Obesity seems to affect liver functions appreciably as revealed by high RI of all liver specific enzymes in obese (BMI C 25) as compared to non obese (BMI \ 25) except bilirubin which remained within reported standard RI (Fig. 14, 15) . RI of all liver enzymes was higher in both obese and non obese males as compared to obese and non obese females. Bilirubin have mild lower cutoff of RI in both obese and non obese females as compared to obese and non obese males.
As per dietary habits, non vegetarian subjects showed elevation in upper cut off for ALP (Fig. 16 ) and GGT. Both enzymatic and non enzymatic liver parameters showed wide range of RI in males as compared to females when further studied in relation to dietary habits i.e. vegetarian and non vegetarian.
Smokers showed higher range of RI for SGOT, GGT and ALP while no substantial difference in RI of SGPT was observed as compared to non smokers. Similarly in alcoholics, mild to moderate increase in cutoff of RI of these enzymes was observed as compared to non alcoholics. No marked difference was found in bilirubin levels both in alcoholic and smokers as compared to non alcoholic and non smokers.
In the view of above variations seen in RI of various liver specific biochemical parameters, it is suggested that every laboratory should establish it's own RI for various biochemical parameters for its reference population so as to improve diagnosis and provide better patient care. 
